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The purpose of this study was to determine the eﬀect of urinary tract infection (UTI) on antioxidant systems and lipid peroxidation
(LPO) levels during pregnancy. We also investigated if these antioxidant systems and LPO levels diﬀered in each trimester. One
hundred forty-three nonpregnant women, as a control group, and 77 pregnant women were included in the study. Urine cultures
were performed according to standard techniques. Catalase (CAT), superoxide dismutase (SOD), and LPO levels were measured
using a spectrophotometer. UTI was observed in 14 of 77 pregnant women and the isolated microorganisms were Escherichia coli,
Klebsiella pneumoniae,a n dStaphylococcus saprophyticus. CAT, SOD, and LPO levels were increased in pregnant women compared
with nonpregnant women (P<. 01). CAT, SOD activities, and LPO levels were increased from the ﬁrst trimester to the third
trimester in pregnancy without UTI. However, CAT and SOD activities were decreased, LPO levels were increased from the ﬁrst
trimester to the third trimester in pregnancy with UTI (P<. 01). Pregnancy causes oxidative stress and also UTI during pregnancy
may aggravate oxidative stress.
INTRODUCTION
Free radical production (superoxide, hydroxyl and ni-
tric oxide, and other reactive oxygen species (ROS)) oc-
curs as a consequence of the endogenous reactions and
plays an important role in the cell. Increased formation of
ROS and/or decreased antioxidant defense can be deﬁned
as oxidative stress, which is widely recognized as an im-
portantfeatureofmanydiseasessuchasdiabetesmellitus,
cancer, and renal failure. Superoxide dismutase (SOD)
and catalase (CAT) are some important endogenous an-
tioxidants, which protect cells from oxidative stress [1].
Lipid peroxidation (LPO) is one of the most impor-
tant expressions of oxidative stress induced by ROS. Mal-
ondialdehyde (MDA) is an indicator of LPO which in-
creases in various diseases. This increase is reﬂected in en-
hancedextractionofseveralMDAderivativesintheurine.
I tw a ss u g g e s t e dt h a tu r i n a r yM D Al e v e l sw e r ei n c r e a s e d
such as thallassemia, renal failure, and pancreatic disease
[2, 3].
Pregnancy, mostly because of the mitochondria-rich
placenta, is a condition that favors oxidative stress [4, 5].
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In generally, immune functions reduce during pregnancy,
and clinical as well as silent infections are more com-
mon than in the nonpregnant state. Urinary tract infec-
tion (UTI) is the second most common medical compli-
cation of pregnancy [6]. To our knowledge, none of the
previous researches investigated MDA levels and the ac-
tivitiesofantioxidantenzymes(CAT,SOD)inUTIduring
pregnancy as a response to oxidative stress. Therefore, the
aim of this study was to investigate the eﬀect of UTI on
CAT and SOD activities and MDA levels in urine during
pregnancy. And also it was investigated if these antioxi-
dant enzymes and MDA diﬀered in each trimester.
METHODS
Patientsandurinesamples
One hundred forty-three nonpregnant women as a
control group, and 77 pregnant women (without chronic
illness such as hypertension and diabetes mellitus) with
symptoms suggesting acute UTI, who had been admitted
to the Gynecology and Obstetric Clinic of Sutcu Imam
University, were included in the study. UTI inclusion
criteria were dysuria, frequency, urgency, and abdomi-
nal/ﬂank pain with or without fever. Patients receiving
antibiotic therapy were excluded from the study. Of the
pregnant women 21 (27.3%) were in the ﬁrst trimester,
26 (33.8%) in the second trimester, and 30 (38.9%) in the310 Pinar Ciragil et al 2005:5 (2005)
third trimester. Midstream urine samples were obtained
by using clean-catch technique and transmitted to Mi-
crobiology Laboratory in about half an hour. All samples
were inoculated into the MacConkey and 5% sheep blood
agar and incubated at 37◦C for 18 hours. Urinary isolates
frompositivecultureswereidentiﬁedbyusingAPIID32E
(bioM´ erieux, France).
Biochemicalanalysis
Spot and 24 hour urine samples were used for bio-
chemical analyses. To control the urine concentration,
data were normalized to urine creatinine concentration.
Urinary creatinine was measured in 24 hour urine sam-
ples by DADE Behring-Dimension RXL autoanalyzer
(Germany).
The urine samples were diluted with 1:50 physiologic
serum (0.9% NaCl) for biochemical analysis. SOD activ-
ity was measured according to the method described by
Fridovich [7]. CAT activity was determined by measur-
ing the decrease in hydrogen peroxide concentration at
230nm by the method of Beutler [8]. LPO level in the
urine samples was expressed by MDA. It was measured
according to procedure of Ohkawa et al [9].
Statisticalanalysis
Statistical analyses were carried out with the SPSS-
X( r e l e a s e4 .1) program. The t test was used to ana-
lyze the diﬀerence between nonpregnant and pregnant
women, for the activities of CAT, SOD and MDA lev-
els. Also, ANOVA test was used to analyze the diﬀerence
between each parameter according to trimesters in urine
samples, while the diﬀerences between pregnant women
with and without UTI for each parameter according to
each trimester were analyzed by Mann-Whitney-U tests.
RESULTS
Pregnant women and the control group (non preg-
nant women) were of similar ages. It was observed that, of
the pregnant women, 14 (18.2%) had UTI but others had
not UTI. Of the urine samples in which bacterial growth
was observed, ﬁve were in the ﬁrst trimester, four in the
second trimester, and ﬁve in the third trimester. Bacterial
distribution according to trimesters was as follows: three
Ec o l iand two Kp n e u m o n a i ein the ﬁrst trimester; three E
coli and one Ss a p r o p h y t i c u sin the second trimester; and
three Ec o l iand two Ss a p r o p h y t i c u sin the third trimester.
Antioxidant enzymes (CAT, SOD) and MDA levels in
pregnant women were increased compared to the non-
pregnant women (Figure 1). In view of the trimesters,
CAT, SOD, and MDA levels were increased from the ﬁrst
trimestertothethirdtrimesterinpregnancywithoutUTI.
However, it was observed that CAT and SOD activities
were decreased and MDA level was increased from the
ﬁrst trimester to the third trimester in pregnant women
with UTI, compared to pregnant women without UTI
(P<. 01) (Figure 1).
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Figure 1. CAT: catalase, SOD: superoxide dismutase, MDA:
malondialdehyde signiﬁcant diﬀerences between nonpregnant
women and pregnant women (P<. 01) were found. CAT, SOD
and MDA levels; signiﬁcant diﬀerences between pregnancy with
and without UTI in each trimester were found (P<. 01). CAT,
SOD and MDA levels; signiﬁcant diﬀerences among trimesters
of pregnancy with and without UTI were found (P<. 01).
DISCUSSION
Free radical production occurs continuously in the
cell during metabolism. These radicals (hydroxyl, super-
oxide anion, nitric oxide, etc) are in part toxic to cell and
cell membranes; however, they are normally controlled
by countervailing biologic mechanisms. Severe oxidative
stress produces ROS and induces uncontrolled LPO [13].
Pregnancy is a condition exhibiting increased sus-
ceptibility to oxidative stress and oxidative disorders oc-
cur, when the balance of the system of oxidants and an-
tioxidants changes for the good of oxidant systems [4].
So, pregnancy is a physiological occasion primarily caus-
ing oxidative stress. Our results also demonstrated that
MDA levels in urine were signiﬁcantly elevated in preg-
nant women compared to nonpregnant women, with in-
creased antioxidant enzyme activities. This may be due to
increased reproductive problems in pregnancy.
LPO is also induced in placenta during pregnancy.
Lipidperoxidesoriginatingfromboththetrophoblastand
the villous core compartments are secreted into the ma-
ternal eﬄuent, possibly adding to levels in the mater-
nal blood as additional peroxidation cascades are initi-
ated [10, 11]. Nakai et al [12] reported that lipid perox-
ide levels in the ﬁrst trimester of pregnancy were some-
times higher and sometimes lower than those in the non-
pregnant control group. In the same study it was showed
that, in the second trimester, MDA levels were 10 to 50%
higher than the ﬁrst trimester MDA levels, as usuallyseen;
the third trimester levels sometimes, but not always, de-
clined. In our study, MDA levels in the third trimester
were signiﬁcantly higher than those in the ﬁrst and sec-
ond trimesters of pregnancy without UTI. This result was
thesameinpregnancywithUTI(Figure1).Wefoundthat2005:5 (2005) Eﬀects of Oxidative Stress in UTI During Pregnancy 311
urinary antioxidant enzymes (CAT, SOD) were gradually
increased in pregnant women without UTI from the ﬁrst
trimester to the third trimester, as a response to oxida-
tive stress. To the contrary, CAT and SOD activities were
decreased and MDA levels were increased from the ﬁrst
trimester to the third trimester of pregnancy with UTI in-
dicating that, UTI with pregnancy may aggravate oxida-
tive stress.
The protective antioxidant mechanisms are complex
and multifactorial. The susceptibility of cells to oxidative
stress is a function of the overall balance between the de-
gree of oxidative stress and the antioxidant defense ca-
pability. It is possible that, during gestation, the increase
in antioxidant enzyme activities occurs in response to the
normal oxidative stress due to pregnancy. At present, the
nature of this mechanism is not known.
ROS are produced by activated phagocytes, which are
microbicidal and can inadvertently cause tissue damage
[13]. The phagocytes use ROS as a defense against for-
eign microorganisms. A defense mechanism that is a vital
part of the immune system can also be destructive. Many
inﬂammatory diseases are characterized by tissue damage
produced by ROS which are controlled by a defense sys-
tem that depends on the activity of enzymes and other
nonenzyme substances. The imbalance between ROS and
the body’s defense system is called oxidative stress. Scav-
engers of ROS are important in treating and preventing
thedamagecausedbysuchoxidativestress[13].Increased
lipid peroxidation and decreased CAT and SOD activi-
ties were found in pregnant women with UTI compared
withthosewithoutUTI.Theratiolipidperoxidation/total
antioxidant activity (MDA/CAT+SOD) was increased in
pregnancy with UTI and without UTI, which indicates
that oxidative stress occurs. This may be due to increased
cell turnover or decreased antioxidant free radical scav-
enging mechanisms.
In conclusion, pregnancy causes oxidative stress from
the ﬁrst trimester to the third trimester; also UTI may ag-
gravate oxidative stress during pregnancy.
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